Abstract: BACKGROUND: Accurate assessment of glenoid inclination is of interest for a variety of conditions and procedures. The purpose of this study was to develop an accurate and reproducible measurement for glenoid inclination on standardized anterior-posterior (AP) radiographs and on computed tomography (CT) images. MATERIALS AND METHODS: Three consistently identifiable angles were defined: Angle by line AB connecting the superior and inferior glenoid tubercle (glenoid fossa) and the line identifying the scapular spine; angle by line AB and the floor of the supraspinatus fossa; angle by line AB and the lateral margin of the scapula. Experimental study: these 3 angles were measured in function of the scapular position to test their resistance to rotation. Conventional AP radiographs and CT scans were acquired in extension/flexion and internal/external rotation in a range up to ±40°. Clinical study: the inter-rater reliability of all angles was assessed on AP radiographs and CT scans of 60 patients (30 with proximal humeral fractures, 30 with osteoarthritis) by 2 independent observers. RESULTS: The experimental study showed that angle and have a resistance to rotation of up to ±20°. The deviation from neutral position was not more than ±10°. The results for the inter-rater reliability analyzed by Bland-Altman plots for the angle fracture group were (mean ± standard deviation) -0.1 ± 4.2 for radiographs and -0.3 ± 3.3 for CT scans; and for the osteoarthritis group were -1.2 ± 3.8 for radiographs and -3.0 ± 3.6 for CT scans. CONCLUSION: Angle is the most reproducible measurement for glenoid inclination on conventional AP radiographs, providing a resistance to positional variability of the scapula and a good inter-rater reliability. 
Discussion 27
In conclusion, angle β is a robust and reproducible measurement for the glenoid 28 inclination on conventional radiographs. 29
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INTRODUCTION 36
The orientation of the glenoid is important for the biomechanics of the glenohumeral 37 joint. The knowledge of the exact orientation of the glenoid is essential for the understanding 38 of various shoulder conditions. An abnormal inclination of the glenoid may be associated with 39 rotator cuff tears 7-9 and superior humeral head migration 5; 15 . Some studies analyze the 40 influence of the glenoid component inclination in shoulder arthroplasty 1; 13; 14 . A valid and 41 reproducible technique for measuring the inclination of the glenoid using routine clinical 42 imaging is, however, not available to our knowledge. There are anatomic studies measuring 43 the inclination of the glenoid directly on the scapular bone 4 or on radiographs 11 . These studies 44 provide exact information on the orientation of the glenoid. These methods for the assessment 45 of the inclination of the glenoid are not routinely applicable in clinical practice because the 46 anatomical references are usually not available on routine imaging. 47
It was therefore the purpose of this study to develop a robust and reproducible 48 measurement method for glenoid inclination, which can be used on routine images such as 49 standard conventional radiographs, and CT examinations of the shoulder. 50
MATERIAL AND METHODS 52
Definition of Anatomic Landmarks and Angles 54
To assess which parts of the scapula and which anatomic landmarks are consistently 55 available for analysis, 30 radiographs and 30 CT scans of shoulders were reviewed. The 56 following landmarks were consistently detectable on all anterior-posterior (a-p) radiographs 57
and CT-scans of the shoulder and were therefore considered suitable for angle definition: The 58 articular surface of the glenoid fossa, the scapular spine, the floor of the supraspinatus fossa 59 and lateral margin of the scapula. On conventional radiographs, the scapula is visible for a 60 mean distance m 1 of 73mm (SD 20.3 mm; range 39.4 to 104.7 mm) medial to the glenoid 61 and the vertical axis is 100° (Figure 1, 3) . In neutral position the rotation axis for 100 internal/external rotation goes through the deepest point L of the angulus inferior scapulae. Table 1  175 shows the mean of interrater differences, SD of differences and, if possible, the coefficient of 176 repeatability (CR) of the Bland & Altman plots. Table 2 Therefore, angle α is unsuitable to measure glenoid inclination despite a good resistance to 185
rotation. 186
Angle γ has a high mean of interrater differences on both conventional radiographs 187 and on CT images with a relatively high SD. However, the angle γ performs slightly better 188 than angle α. Further, the poor interrater reliability of angle α and γ is confirmed through the 189 confidence intervals of the mean value of differences of angle α and γ not including zero 190 (Table 1) . 191
Angle β: On conventional radiographs in the fracture group shows a low mean of 192 interrater differences (-0.1) and a quite low SD (4.2). In the osteoarthritis group, angle β 193 shows a low mean of differences (-1.2) and a low SD of differences (3.8) ( Table 1) to assess the inclination of glenoid on routine radiographs without the necessity to use 248 specialized imaging to avoid unnecessary costs and radiation. According to our data, a reliable 249 assessment of the glenoid inclination using angle β on standard radiographs is possible. This 250 is in contrast to the assessment of the glenoid version 3; 6; 10 . The glenoid version cannot be 251 determined accurately on standard axial radiographs 12 . CT is usually necessary. Since it is 252 possible to measure the glenoid inclination angle on standard radiographs, it is also possible 253 to use this measurement during surgery using fluoroscopy or intraoperative radiographs. 254
CONCLUSION 256
The purpose of this study was to develop a robust and reproducible measurement 257 method for glenoid inclination, which can be used on routine images such as standard 258 conventional radiographs, and CT examinations of the shoulder. In conclusion, the angle β 259 between the glenoid and the floor of the supraspinatus fossa is the most reproducible 260 measurement for glenoid inclination on conventional radiographs, providing a resistance to 261 positional variability of the scapula and a good interrater reliability. The y-axis shows the differences between each angle pair the two surgeons measured. The 357 mean value of all measured differences (Mean) and its SD are also shown in the diagram. 358 The y-axis shows the differences between each angle pair the two surgeons measured. The mean value of all measured differences (Mean) and its SD are also shown in the diagram. 
